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WTROOUCTIC* 


1.  fae  of  Tables.  Tests  of  inc.easid  severity  (sensitivity  tests)  are 
tests  made  upon  a  set  of  objects  m  the  following  manner? 

A.  Each  object  is  subjected  to  a  constant  stimulus. 

B.  Each  tested  object  is  judged  as  to  whether  it  la  effected  or  is 
not  affected  according  to  a  certain  criterion. 

C.  The  stimulus  affects  the  object  so  that  it  cannot  be  tested  at 
any  other  stimulus. 

D.  The  ultimate  purpose  of  the  test  is  to  obtain  an  estimate  of 
the  average  stimulus,  IT,  Just  necessary  to  affect  the  objects,  as  well 
as  to  obtain  ar  estimate  of  the  dispersion,  S,  of  such  measures.  The 
stimulus  Just  necessary  to  produce  the  effect  is  Tilled  the  •'critical" 
stimulus.  The  average  stimulus,  IT,  may  be  further  defined  as  the  stim¬ 
ulus  Just  necessary  to  affect  50  per  cent  of  the  items. 

The  reader  nay  consult  any  of  the  references  for  a  discussion  of 
the  wide  application  of  tests  of  increased  severity.  Fruitful  applica¬ 
tions  have  been  found  in  all  the  fields  of  science-physical,  biological, 
psychological,  social. 

The  present  tables  have  been  prepared  to  facilitate  computations  of 
the  desired  estimate  mentioned  ir  0.  To  apply  the  tables,  the  following 
operations  are  to  be  performed: 

A.  Take  two  samples,  each  containing  n  items,  from  the  set  of  ob¬ 
jects  to  be  tested. 

B.  Subject  one  sample  to  the  weaker  stimulus,  the  other  to  the 
stronger.  Call  the  intensity  of  the  weaker  stimulus  x. ,  the  stronger 
xg,  and  the  difference  between  the  fixed  stimuli,  d.  (The  unite  of  x 
and  d  may  be  foot  pounds,  kinetic  energy,  and  30  on.) 

C.  Le>  Pi  be  the  fraction  affected  at  the  weaker  stimulus,  pa  be 
mo  iraction  aff'eted  at  the  stronger.  To  use  the  tables,  this  frac¬ 
tion  should  be  expressed  in  decimal  form.  If  at  least  some  failures 
&*■ 4  nonf&iluTQs  occur  at  both  stimuli j  (l«o*j  noithor  nor  pg  are  0 
c”  1.0)  and  if  pg  -  pji.20,  proceed  as  instructed  below.  If  Pi  is  0, 
select  another  sample  of  n  items  and  increase  the  intensity  of  the 
weaker  stimulus.  If  p2  is  1,  decrease  the  intensity  of  the  stronger 
stimulus.  If  Pz  -  Pi<.20,  increase  d,  the  difference  between  the 
stimuli. 


D»  Inter  the  tableii  mi  rn  midi  pg,  which  five  the  vai of 
S* ,  iflf,  igf  for  valuas  of  pt  and  pj:  in  the  unit*  of  ,  Jl,  {."Ttw  unua.1 

ttNuthoda  of  Lnlorg-eiatleu  way  t>#  used  if  nee  *n. nary  though  ckarlyiC 
the  *,«|:i-ai"ifl*iwlii«if1'  can  i  tec  ids  on  n  titan  elf,  he  ii.riouid  select  tin  n  Like 

|C,  JO,  2%  tO,  100,  u*t  <4 II  jiw  p  In  units  of  .01.) 

B,  Th*  estimat#  of  the  average  critical  stimulus  is* 

I  -  J!j  *  d(k’) 

P,  'The  *st limit#  of  the  error  (standard  deviation)  of  II  1* 

5j|  •  dS^/vIT 

0.  The  estimate  of  the  standard  deviation  of  the  critical  stimuli 
ii 

S  «  d IS* 

H,  The  estimate  of  the  error  ( standard  deviation)  of  S  la 
Sg  •  dSgi  / -/rT 

2.  Aaruytlona  ir,  the  Use  of  the  Tables.  To  employ  these  tables,  it 
must  ne  icsiwd  t'Kat  the  critical  stimuli  of  the  objects  are  normally 
distribute  1  or  nearly  an.  (The  exact  mathematical  nature  of  the  &a- 
au/.'pt ion  i.  explained  below.)  In  a  great  many  tests  of  increased 
severity,  the  critical  stimuli  are  not  distributed  normally  with  re¬ 
spect  to  the  originally  used  scale  of  intensity  of  the  stimulus.  But 
normality  can  often  br  Haired  if  the  original  scale  is  transformed 
Into  a  logarithmic  act.  so  that  every  value  aq  of  the  intensity 
scale  becori.es  log  xi  in  the  log  scale.  'Thus,  in  biological  woik, 
where  the  intensity  scale  is  often  the  concentration  of  a  drug,  and 
the  critical  stimulus  is  the  concentration  just  necessary  to  produce 
death  in  an  organism,  the  critical  stimuli  are  not  normally  distrib¬ 
uted,  but  the  log-stimuli  are.  The  same  remarks  pertain  to  tests  of 
explosive  compounds,  but  not  (apparently)  to  most  detonative  com¬ 
pounds* 

3.  Example  of  ths  Use  of  .•■re  Tables.  In  experimental  work  on  ex¬ 
plosives  and  detonativo  compounds,  a  sample  of  the  compound  is  placed 
on  a  hard  flat  steel  anvil,  and  from  a  known  distance  a  weight  ia 

f  ped  which  contacts  a  firing  pin  that  transmits  the  blow  to  the 
compound.  Here  the  critical  stimulus  is  the  kinetic  energy  Just 
necessary  to  make  the  compound  explode  or  detonate.  Since  the  same 

♦  N.B.  The  tabulated  value  of  H*  is  to  be  taken  aa  negater#  f-w  p } 
greater  than  .50. 
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wtiiffht  i«  used  thru,  ghoul *  the  *  vnetic  ninety  nan  emit  In*  w?xt:i run w jb ■  d  in 
tarsia  of  tne  height  of  IT *11 ,  H,  TV  mean  cm  Ileal  at  twlii*  will,  th*n 

b*  the  of  *11  the  critical  height#  ol  sample*  of  the  compound 

pi «*d  or  tl mi  specified  type  of  arnril  and  tit  1a  th*  ■p#ci;fi*d  «un*r. 

In  wo  rh  on  nap  Lot  i**  mod  dalonative  compound**  the  di*p*r*  lor.  of  th* 
critical,  Might#  t*  oftwn  mart  more  important  than  th*  mu  critical 
height*  *apeelalljr  wen  th*  experiaentwr  is  at tempting  to  eatJjiate  the 
height  at  which  at  i«aat  •  certain  per  cant  of  th*  sawplee  will  explode, 

Th*  followinc  1*  a  typical  experiment  on  explo*iww  or  detonatia* 
tMfWund**  The  steps  follow  toy  latter  th*  operation*  listed  in  eectioa 


I,  two  aaepiaa*  each  containing  50  itwas  of  •  gixwn  detonatiwe 

eowpotind,  are  selected. 

B.  The  fifty  item*  of  the  first  sample  are  tested  by  dropping  an 
8-ounoe  weight  6'  .inches,  and  the  other  is  tested  by  dropping  the  weight 
8  Inches.  Hence* 

*1  -  t> 

Xf  -  8 

d  ■  2 

C.  At  6  Inches,  15  out  of  the  SO  detonated,  while  at  8  inches  37 
out  of  the  30  detonated.  Hence*  p 1  is  15/50  or  .30*  and  p®  is  37/30 
or  ,74.  Since  the  difference  between  px  and  pg  is  at  least  .20,  we 
can  proceed  to  the  tables. 

D.  According  to  the  tables*, 

ff1  -  .4491 
S»  -  .8564 

»  v .  657  *  .8.11. 

V  T.92"  -  1*39 

Hence* 

if  «  estimated  mean  critical  height  ■  6  ♦  2  (.4491)  *  6.90 
inches 

P  «■  estimate  of  tie  standard  deviation  of  the  critical 
heights  «  2(  .85<f»4)  1*71  inches 
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Sg  -  estimate  of  error  of  H  -  2(.811)/V3ff  -  .23  inches 
83  -  estimate  of  error  of  S  -  2(1.39 )/✓#  -  .39  inches. 


**  "lit*1™  ‘  xt  ail0uld  *»•  «*Hed  to  the  reader's  attention 

that  the  "two-stimulus"  test,  which  these  tables  are  designed  to  facili¬ 
tate,  is  net  b7  any  means  the  only  method  of  obtaining  th?  estimates  of 
the  assn  critical  stimulus  and  the  standard  deviation  of  the  critical 
stimuli.  The  following  alternatives  (among  others)  are  at  the  disposal 
of  the  experimenter! 

A.  If  the  tests  art  inexpensive,  and  the  stimuli  can  readily  be 
varied  fro®  the  point  where  none  fail  to  the  point  where  all  fail  in 
the  sample,  then  the  "run-down"  method  is  useful,  if  it  is  desirable 
to  minimise  the  amount  of  computation.  This  is  discussed  in  references 
(4),  (8)  end  (11). 

B.  If  the  same  conditions  pertain  as  in  A,  or  if  the  entire  range 
cannot  be  covered  and  the  time  3pent  on  computation  is  not  critical, 
the  "probit  method"  can  be  used.  This  is  discussed  in  references  (2), 
13/,  (4),  (5),  (0)  and  (9).  An  attempt  to  simplify  computations  by 
making  alternative  assumptions  to  the  normal  distribution  is  discussed 
in  (12).  The  problt  method  is  actually  a  generalization  of  the  two- 
stimulus  method;  that  is,  the  two-stimiulus  method  is  a  special  case  of 
the  problt.  See  reference  (7)  for  a  mathematical  discussion  of  this 
special  case. 


C.  If  the  stimulus  can  be  readily  shifted  after  each  test,  the 
"staircase”  method  is  applicable;  this  method  in  general  requires  fewer 
samples  to  obtain  the  same  accuracy  as  the  others,  and  the  method  of 
computation  is  simpler  than  that  of  the  probit.  The  method  (in  one 
form)  consists  of  testing  an  item,  and  either  increasing  or  decreasing 
the  stimulus  cm  the  very  next  teat,  depending  on  whether  the  item  fails 
or  not  (1). 


The  choice  of  method  is  pragmatic,  as  is  the  choice  in  aspects 
of  science.  The  great  advantage  of  the  two-stimulus  method  consists 
of  the  simplicity  in  running  the  test,  and  the  extreme  ease  in  obtain¬ 
ing  the  statistics.  Its  disadvantage  lies  in  its  heavy  reliance  on 
the  assumption  of  normality,  since  the  data  do  not  provide  a  check  on 
this  assumption,  as  they  do  in  the  other  methods. 


5*  Explanation  pf  the  Mat  begat  lea  Involved  In  the  Comrnta 

^  of  critic«l  •SHE  KSaWjwSSHB 

tlon  T  will  fail  at  a  stimulus  x  is  given  by  the  equation 


■tioae.  Assume 
.ty  that  a  frac- 


T 


*  -l*-*)®/  Bff*  ^ 
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Tills  may  also  ba  expressed  as 


where  I  ■  2-H.  fables  relating  T  and  T  are  available.  The  usual  "normal 

table"  consists  of  values  of  T  for  evenly  spaced  values  of  T.  This  is  so 
because  of  tho  usual  character  of  experimental  data,  where  p  and  cr  can  be 
estimated  directly  from  the  observations  (by  x  andjS)  and  T  is  then  esti¬ 
mated  by  the  statistic  t  obtained  by  substituting  x  for  p. ,  and  S  for  o  in 
the  formula  for  Y«  But  in  the  case  of  tests  of  increased  severity  we  are 
given  an  estimate  of  T  (designated  as  p),  and  must  estimate  Y  from  p.  The 
estimated  value  of  Y  for  a  given  value  of  o  is  called  the  "problt"  (usually 
symbolized  as  t).  Actually,  in  biological  work,  the  probit  is  defined  as 
t  ♦  5,  in  order  to  keep  the  probit  positive  for  all  practical  purposes. 

But  this  uodific&tion  is  not  essential  to  the  argument.  Tables  of  probits 
are  available;  one  such  table  is  given  here  (Table  I),  derived  from  refer¬ 
ence  (10),  Part  II,  Table  II  ("Tables  of  Normal.  Curve  Functions  to  each 
Permille  of  Frequency"), 

If  the  critical  stimuli  are  normally  distributed,  then  Y  is  a  linear 
function  of  x,  the  stimulus.  The  usual  procedure  of  the  probit  method 
consists  in  taking  several  values  of  x,  obtaining  the  corresponding  p*s, 
and  hence  (by  probit  tables)  the  corresponding  t's.  A  linear  fit  of  t  on 
x  is  obtained  where  t  is  subject  to  error,  and  x  is  relatively  free  of 
error.  This  method  is  complicated  because  the  accuracy  of  it  changes  as 
x  changes,  and  the  least-squares  fit  has  to  be  made  by  employing  weights 
and  approximation  methods.  The  least-squares  fit  gives  an  equation  of  the 
fora 


t  »  a  *  bx  (1) 

But  since  Y  *  ^  x  (2) 

it  is  clear  that  the  estimates  of  p  and  cr  can  be  obtained  from  a  and  b  in 
(1).  In  fact 

H  «  estimate  of  ^  m  ~  (3) 

S  »  estimate  of  a  **  (4) 

D 

In  the  two-stimulus  test,  the  linear  fit  is  trivial.  For  stimulus  Xj 
we  obtain  px  and  hence  and  for  stimulus  xg  we  obtain  pg  and  hence  tg. 
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But 


(5) 

(6) 


The  beet  estimate  of  the  line  must  pass  through  (ti,  xi)(tg,  xe). 
The  aolution  of  the  simultaneous  equations  (5)  and  (6)  gives  estimates 
of  p  and  at 


H 


(7) 


S 


(8) 


where  d  ■  x2  -  x*,  the  difference  between  the  stimuli. 

Table  II  gives  values  of 

H»  -  -  -^1— 
tr-ti 
and 


S' 


1 

t#-t1 


(9) 

<*» 


for  values  of  px  and  p2  from  .00  to  1.00  at  intervals  of  ,01.  It  should 
be  noted  that  the  value  of  IT'  changes  sign  at  px  ■  .5.  The  tabulated 
values  from  pt  •  .51  to  p*  -  .99  should  be  negative,  although  the  minus 
sign  has  been  omitted  from  the  table.  In  general,  if  Pj  is  closer  than 
.20  to  p2,  the  accuracy  of  the  estimates  is  small,  and  hence  these  values 
have  been  eliminated.  The  alternative  choice  was  to  eliminate  all  values 
with  an  accuracy  less  than  a  given  amount,  but  it  was  felt  that  the  ir¬ 
regularity  of  the  tables  would  be  confusing  if  this  method  were  followed. 
Evidently, 


I  •  xj  ♦  dH' 


(11) 


and 


S  -  dS'  (12) 

Ihe  errors  of  H  cni  3  are  more  complicated.  Reference  (7)  supplies 
the  method  of  estimating  the  variances  for  the  probit  method  conducted 
at  two  stimuli ,  The  variance  of  H  as  0iven  as  follows: 


Let  Z|  and  1%  be  the  ordinates  rf  the  normal  curve  at  Ti  and  Tj>, 
respectively.  Then 


‘■i 


B  ** 


(W* 


Y  d* 

Ta(l“T2) 

nz/ 

J 

<VI8>* 

nZ8* 

t  4 

6 


(13) 


The  est  ljr.a'  *■  n  ct  c 


:f  ('h  '’ai‘  tfe  obtained  by  replacing  Ylr  Y2 ,  Tx  ,  T2, 


and  Z2  by  their  -especc: ve  estimates.  The  estimates 


of 


T  •  ( 1  -? 


are 


,  P.fL-P.) 

riven  by - „  and  have  been  computed  for  the  various  values 

Zi~ 

of  These  are  sm  wn  11;  Table  I. 

The  estimate  of  L  ,  xi  “  1  ,  xi  ”  xi  + 

a  dS> 

After  simplification  vne  estimate  of  cr p2  becomes 

j2r 


s  ~j-  (H ■  -  1)2W!  +  H,2W2j 


Values  of 


S-2  -  v2 
i>H  b 


(»'  -  i)2W2  +  H^Wz 


(Va) 


(15) 


have  been  confuted  in  Table  II.  The  estimate.  Sr;*,  may  be  found  by  the 
relationship  " 


S-2  -  d  S-  2 
n  l  SH 


(16) 


Similarly  the  value  of  cr g2  from  reference  (7)  is 


a  2  -  r 

s  '7^T-”“F 


«i  *  w2 

n 


p 

The  est  lmat  e  o!  “V  js  therelore 


(17) 


.4 


W2) 


(1ft) 


and  values  <> 


S, 


ft  'W;  *  We) 


liave  been  coripiit'-u  ,e  ’'able  II.  The  estimate,  Sc*, 
from  the  relat  lo.vu.tp 


v  -  fs. 


(19) 

S',  may  be  obtained 
(TO) 


Application  :  the  Tables.  The  usual  tests  lor  significance  aid 
the  estimates  ,,f  -.nf ;  vni  e  intervals,  tolerance  intervals  and  the 
like  can  be  made  on  :m-  tost  of  the  statistics  obtained  from  the 


•ables.  For  example,  if  it  is  desirable  to  determine  whether  the  true 
mean  critical  stimulus  of  one  set  of  objects,  A,  is  different  from  the 
mean  critical  stimulus  of  another  set  of  objects,  B,  compute 


If  the  type  I  error  or  significance  level  (the  chance  of  rejecting 
the  hypothesis  of  no  real  difference  pertains)  is  set  at  .05,  then 
reject  the  hypothesis  of  no  real  difference  if  t  exceeds  1.95.  This 
is  approximate  only,  scnce  the  exact  values  have  yet  to  be  worked  out, 
but  if  the  sample  sizes  are  larger  than  25,  the  error  in  .05  will  in 
general  be  insignificant.  Similarly,  F-tests,  chi-square  tests,  and 
the  like,  can  all  be  run,  though  the  operating  characteristics  (power 
functions)  of  these  tests  can  only  be  approximated  at  the  present  time. 

7*  Accuracy.  In  the  computations  the  original  figures  from  Table  I 
were  taken  to  the  fourth  place.  In  general,  this  means  that  the  fig¬ 
ures  in  Table  II  are  accurate  to  the  last  place.  Obviously,  if  d  is 
very  large,  the  experimenter  must  take  account  of  this  fact  in  esti¬ 
mating  his  final  accuracy  in  the  use  of  the  Tables. 

Every  efiort  nas  been  made  to  eliminate  computational  errors. 

The  figures  have  been  checked  and  rechecked,  and  have  been  compared 
with  an  earlier  version  of  the  same  tables  which  were  accurate  to 
the  second  significant  figure.  Nevertheless,  errors  will  be  in¬ 
evitable,  and  it  is  requested  that  they  be  reported  to  the  Pitman- 
Dunn  Laboratories,  Frankford  Arsenal,  Philadelphia  37,  Pennsylvania, 
Attention:  Mr.  J.  W.  Mitchell. 

Ac kno wl edgnent s .  The  computations  of  these  tables  were  made  by 
the  following  students  of  Y<’ayne  University,  Detroit,  Michigan: 

S.  S.  Taylor 

G.  R.  King 

R.  A.  Hughes 

I.  M.  Schuyartz 

J.  3.  Minas  (leader) 

The  introduction  was  written  by  C.  West  Churchman  of  Wayne  University 
who  also  supervised  the  entire  project. 
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TABLE  I 


Weights  and  Probits 

for  Areas  Under  the 

Normal  Curve 

i 

T 

V 

2.3263 

.61/.  99 

13.9378 

2.0537 

.02/. 98 

8.36I8 

1.8808 

.03/. 97 

6.2851 

1.7507 

.04/.96 

5.1710 

1.6449 

.05/ .95 

4.4643 

1.5548 

.06/. 94 

3.9746 

1.4758 

.07/ .93 

3.6106 

1.4051 

.08/. 92 

3.3303 

1.3408 

•09/.91 

3.1058 

1.2816 

.10/. 90 

2.9221 

1.2265 

.11/. 89 

2.7687 

1.1750 

.12/.  33 

2.6387 

1.1264 

.13/. 37 

2.5274 

1.0803 

.14/. 36 

2.4304 

1.0364 

.15/. 85 

2.3455 

•  9945 

.16/. 84 

2.. .703 

.9542 

.17/. 83 

2.2033 

.9154 

.18/. 82 

2.1438 

.8779 

.19/. 31 

2.0899 

.8416 

.20/. 80 

2.0413 

.8064 

.21/. 79 

1.9974 

.7722 

.22/. 78 

1.9573 

.7  ■'  38 

.2 3/. 77 

1.9208 

t 

•  7oo.' 

•  674.) 

•  6433 
.6128 

•  5828 
•  5534 
.5244 
.4959 
*4677 
.4399 
.4125 
.3853 
.3585 
.3319 
.3055 
.2793 

•  2533 

.2275 

.2019 

.1764 

.3  510 

.1257 

.1004 

.0753 

.9502 


r 

•  <V.76 

.25/. 75 
.20/ .74 
.27/.' 73 
.28/. 72 
•29/ .71 
•30/. 70 
.31/. 69 
.32/. 68 
.33/. 07 
.34/. 66 
.35/. 65 
•36/. 64 
.37/. 63 
.38/. 6 2 
.39/. 61 
.40/. 60 
.41/. 59 
.42/.  58 
•43/. 57 
.44/. 56 
•45/. 55 
.4b/. 54 
.47/.  53 
.  48/  •  5*. 


V 

1.8874 

I.8564 

1.8289 

1.8033 

1.7793 

1.7568 

1.7370 

1.7181 

1.7013 

1.6852 

1.6709 

1.6582 

1.6457 

1.6346 

1.6248 

1.6162 

1.6075 

1.60C9 

1.5942 

1.5885 

1.5335 

1.5795 

1.5761 

1.5716 

1.5718 


t 

1 

V 

.'.-51 

•40/. 51 

1.57J7 

.0000 

.50/. 50 

1.5704 

TAhLL  II 


I’stiit.t  <- 

-1  the  Mean,  . ,ta: 

idard  deviation 

ar.:  their 

hrrors  from 

tne  Percentage  , 

iffected  at  Two  ft 

I'.T-ni 

Pj  •  .01 

P2 

H* 

S’ 

4 

2 

SS' 

.21 

1.531 

.6579 

3.72 

2.98 

.22 

1.497 

.6435 

3  •  24 

2.72 

•2 3 

1.465 

.6299 

2.83 

2.50 

.24 

1.436 

•  6173 

2.49 

2.30 

•25 

1.408 

.6054 

2.20 

2.12 

•26 

1.382 

.5942 

1.96 

1.97 

.27 

1.358 

.5836 

1 .74 

1.82 

.28 

1.334 

.5736 

1.55 

1.70 

.29 

1.312 

•5641 

1.39 

1.59 

.30 

1.291 

.5550 

1.25 

1.49 

.31 

1.271 

.5463 

1.13 

1*39 

.32 

I.252 

.5380 

1.21 

1.31 

.33 

1-233 

•5301 

•933 

1.23 

.34 

1.216 

.5225 

.850 

1.16 

.35 

1.199 

.5152 

.778 

1.10 

.36 

1.182 

•5082 

.713 

1.04 

.37 

1.166 

.5014 

.656 

.984 

.30 

1.151 

•4949 

.605 

.903 

.39 

1.136 

.4885 

.560 

.885 

.40 

1.122 

.4824 

.519 

•  843 

.41 

1.108 

.4765 

•  433 

.802 

.42 

1.095 

.4707 

•451 

.763 

.43 

1.082 

.4651 

.422 

1  J 

.727 

•44 

I.O69 

•4597 

.397 

.694 

.45 

1.057 

•4544 

.374 

.661 

.46 

1.045 

•4493 

.353 

.631 

.47 

1.033 

•4443 

.335 

.605 

.48 

1.022 

.4394 

.330 

•579 

.49 

1.011 

.4346 

.306 

•554 

.50 

1.000 

.4299 

.290 

.530 

•51 

•9893 

.4252 

.278 

.512 

.52 

.9788 

.4207 

.267 

.485 

•53 

.9686 

.4163 

.258 

.465 

•54 

.9586 

.4120 

.249 

.447 

•55 

.9487 

.4078 

.242 

.430 

.50 

.9390 

.4036 

.236 

.411 

H' 

-  .01 

3* 

32 

2 

a 

2 

•57 

.9295 

•3995 

H' 

.230 

S' 

.396 

.58 

.9201 

•3955 

.225 

.381 

•59 

.9109 

.3915 

.220 

.365 

.60 

.9018 

.3376 

.216 

.351 

.61 

.8928 

.3837 

.213 

.338 

.62 

.8839 

.3799 

.210 

.324 

.63 

.8751 

.3781 

.209 

.311 

.64 

.8664 

.3724 

.208 

.299 

.65 

•  8579 

.3687 

.204 

.289 

.66 

.8493 

.3651 

.2J3 

.278 

.67 

.8410 

.3615 

.202 

.267 

.68 

.8326 

.3579 

.201 

.256 

.69 

.8243 

•3543 

.200 

.247 

•70 

.8160 

.3508 

.200 

.238 

•  71 

.8078 

•3473 

.200 

.228 

.72 

.7997 

•3437 

.200 

.218 

•73 

.7915 

.3402 

.201 

.211 

•74 

.7834 

.3367 

.201 

.203 

•75 

.7752 

.3332 

.202 

.194 

•  76 

.7671 

.3298 

.203 

.18? 

.77 

•7590 

.3263 

» ^04 

*179 

•  78 

•  7508 

.3227 

.205 

.172 

•  79 

.7426 

.3192 

.206 

.166 

.80 

.7343 

.3157 

.208 

.158 

.81 

.7260 

.3121 

.209 

.352 

.82 

.7176 

.3085 

.211 

.146 

.83 

.7091 

.3048 

.213 

.139 

.84 

.7005 

.3011 

.214 

.133 

•85 

.6918 

.2974 

.216 

.127 

.86 

.6829 

.2935 

.218 

.121 

.87 

.6730 

.2896 

.221 

.11 5 

.88 

.6644 

.2856 

.223 

.ill 

.89 

00 

-3- 

vO  ■ 

. 

.2815 

.226 

.105 

.90 

.6448 

.2772 

.228 

.0995 

.91 

.6344 

.2727 

.232 

.0937 

.92 

.6234 

.2680 

.235 

.0897 

•93 

.6118 

.2630 

.239 

.0842 

•94 

.5994 

.2577 

.243 

.0788 

.95 

.5858 

.2518 

.249 

.0736 

.96 

•5706 

.2453 

.256 

•0688 

.97 

.5579 

.23"/ 

.266 

.0647 

•98 

•5311 

.226_> 

.233 

.0602 

.99 

.5000 

*2149 

.322 

.0585 

Pj  =  .02 


p2 

S’ 

.22 

1.603 

.23 

1.562 

.24 

1.524 

•25 

1-489 

.26 

1.456 

.27 

1.425 

.28 

1.396 

.29 

1.369 

.30 

1.343 

•  31 

1.318 

.32 

1-295 

•33 

1.273 

•34 

1.251 

• 35 

1.231 

.36 

1.211 

•  37 

1.193 

.38 

1.175 

•39 

1.157 

.40 

1.141 

.41 

1.125 

•42 

I.109 

•43 

1.094 

•44 

1-079 

•45 

I.065 

.46 

I.051 

•47 

I.038 

.46 

I.025 

•49 

I.012 

.30 

1.000 

.51 

.9879 

.53 

.9761 

53 

.9646 

■54 

.9534 

-35 

.9423 

>56 

.9315 

>57 

■■'''09 

S' 

4 

.7803 

4.91 

.7605 

4.24 

.7422 

3.66 

.7251 

3.23 

.7090 

2.82 

.6940 

2.49 

.6799 

2.21 

.6665 

1.97 

.6539 

1.76 

•6419 

1.58 

.6305 

1.42 

.6197 

1.29 

.6093 

1.17 

•5994 

1.06 

.5899 

.965 

.5808 

.889 

.5720 

.817 

.5636 

.753 

•5554 

.696 

.5476 

.646 

.5400 

601 

•53*7 

56C 

.5256 

524 

.5187 

•491 

.5120 

.462 

.5055 

.436 

•4991 

•424 

.4930 

.394 

.4669 

.372 

.4810 

.355 

.4753 

.339 

.4697 

.325 

.4642 

•313 

.4588 

.303 

.4536 

.291 

•4484 

.281 

3.83 
3-44 
3.11 

2.83 


2.58 

2.36 

2.17 

2.00 

1.05 

1.71 

1.59 

1.48 

1.38 

1.25 

1.21 

1.14 

1.0? 

1.01 

.949 

.896 

•  646 

.801 

•759 

.720 


.649 

.617 

.586 

•558 

.531 

.507 

.484 

.461 

.441 

.422 

.402 


p 

h 

H1 

a 

S’ 

.58 

*910' 

.'1433 

.27  3 

.364 

•59 

.9003 

.4384 

.265 

.367 

,6o 

.8Q02 

.4335 

.258 

.352 

.61 

.8803 

.4286 

.252 

.336 

.62 

.8705 

.4239 

.247 

.329 

.63 

.8609 

.4192 

.241 

.309 

.6^ 

.8314 

.4145 

.237 

.295 

.65 

.81)20 

.4100 

.231 

.284 

.66 

.8327 

.4055 

.229 

.271 

.67 

.829t 

.4010 

.226 

.260 

.68 

.8145 

.3966 

.223 

.249 

.69 

.8055 

.3922 

.220 

.239 

•  70 

•  7966 

*  1879 

.218 

.229 

.71 

.7877 

.3836 

.216 

.219 

.72 

•  7789 

•3793 

.214 

.210 

.73 

•7702 

.3750 

.213 

.201 

•  74 

■  7615 

.3708 

211 

.293 

.75 

•  7528 

.3665 

.210 

.184 

.76 

.7441 

.3623 

.209 

.176 

.77 

.7354 

•  3581 

.208 

.169 

.78 

.7^7 

•3539 

.208 

.162 

.79 

•  7181 

.3496 

.207 

•154 

.80 

.7093 

•3454 

.207 

.148 

.81 

.7005 

•3411 

.207 

.141 

.82 

.6917 

.3368 

.206 

.136 

.83 

.6828 

.3325 

.207 

.129 

.84 

.6737 

.3281 

.207 

.123 

.85 

.6646 

.3236 

.207 

.110 

.86 

.6553 

•3191 

.207 

.112 

.87 

.  6458 

.3145 

.208 

.107 

.88 

.6361 

.3097 

.209 

.101 

.89 

.6261 

.3049 

.210 

.0957 

.90 

.6137 

.2998 

.211 

.0914 

•91 

.6050 

.2946 

.212 

.0860 

.92 

.5938 

.2891 

.a3 

.0818 

.93 

•5819 

.2833 

.215 

.0766 

.94 

.*691 

.2771 

.210 

.0728 

•  95 

•5553 

.2704 

.222 

.0680 

•96 

'404 

.2631 

.227 

.0636 

•  97 

.5220 

.2542 

.234 

.06*5 

•  98 

•5600 

•2435 

.248 

.0585 

.99 

.4689 

.2283 

.283 

.0602 

V1  =  .03 


*2 

H' 

S' 

% 

a2 

S' 

•23 

1.647 

•8757 

6.01 

4.83 

.24 

I.601 

.8514 

5.1b 

4.29 

•25 

1-559 

.8290 

4*45 

3.84 

.26 

1.520 

.8081 

3.87 

y  v*r 

3.46 

•  27 

1.4&3 

.7886 

3.38 

3.13 

.28 

1.449 

.7704 

2.97 

2.84 

.29 

1.417 

.7534 

2.62 

2.59 

.30 

1.337 

^7372 

2.33 

2.37 

•31 

1.356 

.7221 

2.C7 

2.18 

.32 

1.331 

.7077 

1.85 

2.00 

•33 

I.305 

.6940 

1.66 

1.85 

•34 

1.281 

.6811 

1.50 

1.71 

•35 

1.258 

.6687 

1.36 

1.59 

.36 

1.235 

.6569 

1.23 

1.48 

•37 

1.214 

.6456 

1.12 

1.38 

.38 

1.194 

.6348 

1.03 

y 

1.28 

•39 

1.174 

.6244 

•943 

1.20 

.40 

1.156 

.6144 

.868 

1.12 

.41 

1.138 

.6049 

.801 

1.06 

•42 

1.120 

•5956 

.742 

.991 

•43 

1.103 

.5867 

.689 

.933 

•44 

1.087 

.5781 

.641 

*  yj 

.879 

•45 

1.072 

.5698 

.599 

.829 

.46 

I.056 

.5617 

.561 

/ 

.782 

•47 

1.042 

•5539 

.527 

.740 

•48 

1.027 

.5463 

.509 

.699 

•49 

1.014 

.5389 

.472 

.66 2 

.50 

1.000 

.5317 

.444 

.628 

•51 

.9868 

.5247 

.421 

•595 

•52 

•9740 

.5179 

.406 

.565 

•53 

.9615 

.5112 

.383 

•537 

•54 

.9493 

.<047 

.366 

.510 

•g 

•9374 

.4984 

.351 

.485 

.56 

.9257 

•4922 

.337 

.461 

•57 

•  9143 

.4861 

.325 

.439 

•58 

.9031 

.4801 

.313 

.418 

-  "  >3 


P2 

H" 

3^ 

H' 

3^ 

3' 

•59 

.0921 

.4743 

.303 

•399 

.60 

.8813 

.4686 

.294 

•380 

.61 

.8707 

.4629 

.285 

.363 

.62 

.6603 

•4574 

.277 

•346 

.63 

.8500 

.4519 

.270 

.330 

.6 4 

.0399 

.4466 

.264 

.316 

.65 

.8300 

.4413 

.258 

.301 

j  66 

.8201 

.4361 

.253 

900 

♦itOO 

.67 

.8104 

.4309 

.244 

•275 

•68 

.8009 

.4258 

.243 

.263 

.69 

.7913 

.4206 

.239 

.251 

.70 

.7820 

.4158 

.235 

.240 

.71 

.772 7 

.4108 

.232 

•229 

.72 

.7634 

.4059 

.227 

.219 

•73 

•7543 

.4010 

.226 

.209 

.74 

.7451 

.3962 

.224 

.200 

.75 

.7360 

.3913 

.218 

•191 

.76 

.7270 

.3865 

.219 

.182 

.77 

.7180 

.3817 

.217 

•174 

.78 

.7089 

.3769 

•&5 

.166 

.79 

.6999 

.3721 

.214 

•159 

.80 

.6909 

.3673 

.212 

•152 

.81 

.6818 

.3625 

.211 

.145 

.82 

.6726 

.3576 

.210 

.138 

.83 

.6634 

.3527 

.209 

.123 

.84 

.6341 

•3478 

.209 

•125 

.05 

.6447 

•  3428 

.208 

.119 

•  86 

.6352 

•3377 

.207 

•113 

.37 

.6254 

.3325 

.207 

.106 

.88 

.6155 

.3272 

.207 

.103 

.0969 

.09 

.6053 

.3218 

.207 

.90 

.5947 

.3162 

.207 

.0921 

•91 

.5830 

.3104 

.207 

.0873 

.92 

.5724 

.3043 

.207 

.0827 

•93 

.5603 

.2979 

.208 

.0782 

.94 

.5474 

.2911 

.210 

•0739 

•95 

•5335 

.2836 

.212 

.0699 

.96 

•5179 

•2754 

.216 

.0653 

.97 

.5000 

.2658 

.222 

.0629 

.90 

.4780 

.2542 

•234 

.0615 

•99 

.4471 

.2377 

.266 

•0647 

p  ■  .04 
1 


P2 

H* 

S' 

sl 

H' 

.24 

I.676 

•9575 

7.0  3 

.25 

1.627 

.9292 

5.99 

.26 

1.581 

.9030 

5.15 

.27 

1-539 

.8788 

4-45 

.28 

1.499 

.8^62 

3.87 

.29 

1.462 

.8352 

3.39 

.30 

1.428 

.8155 

2.98 

•31 

1-395 

.7969 

2.64 

.32 

1.365 

•  7794 

2.34 

•33 

1.336 

.7629 

2.09 

•34 

1.308 

•7473 

1.87 

•95 

1.282 

•  7324 

1.68 

.36 

1.258 

•  7183 

1.52 

•37 

1.234 

.7048 

1.38 

.38 

1.211 

.6939 

1.25 

•39 

1.190 

.6796 

1.14 

.40 

I.I69 

.6678 

L.05 

•41 

1.149 

•6565 

.961 

•4 2 

1.130 

•6457 

.886 

•43 

1.112 

•6352 

.819 

•44 

1.094 

.6251 

.759 

•45 

1,077 

.6154 

.706 

•4^ 

1.061 

.6060 

.658 

•47 

1.045 

•5969 

.616 

.48 

1.030 

.5881 

•  592 

•49 

1.015 

•5795 

.547 

.50 
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1  -  Ccemanding  Officer 
Picatlnny  Arsenal 
Dover,  Raw  Jersey 
Attni  Tech.  Group 

1  -  Canaan  ding  officer 
Raritan  Arsenal 
Metuchen,  N.  J. 

1  -  C amending  Officer 
Rock  Island  Arsenal 
Rock  Island,  Ill. 

Attni  Tech.  Group 

1  -  Cram  an  ding  Officer 
Springfield  Armory 
Springfield  1,  Mass. 
Attni  Big.  Dept. 

1  -  Contending  officer 
Watertown  Arsenal 
Watertown,  Mass. 

Attni  T«ch.  Group 


